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Abstract 

Circulating platelets are abundant sources of angiogensis molecules for the tumor vasculature affecting tumor growth and 
metastasis. The relationship between non-small cell lung cancer (NSCLC) and intra-platelet levels of VEGF, TSP-1 and net 
platelet angiogenic activity (NPAA) is unclear. The aim of this study was to better understand the role of these factors in the 
progression of NSCLC cancer and to assess its clinical significance. Platelet VEGF and TSP-1 and NPAA were measured 
preoperatively in 68 patients with NSCLC by ELISA or Capillary tube formation assay. VEGF, TSP-1 and NPAA distributions in 
cancer patients and healthy volunteers were compared using the IVlann-Whitney U test. The Kaplan-Meier method, 
univariate and multivariate regression analysis was used to analyze the correlation between these factors and 
clinicopathological features, overall survival and disease-free survival. IVlean intra-platelet TSP-1 level was slightly higher 
in patients than in healthy subjects (p = 0.092). Intra-platelet TSP-1 levels were significantly higher in patients with 
involvement greater than T2 or stage III, compared to other patients. Mean intra-platelet VEGF level was 40.8 pg/10'^ in 
patients compared to 21.9 ng/10^ in healthy subjects (p = 0.041). Median value of NPAA in patients was significantly higher 
than that in healthy controls (p<0.001). Patients with high NPAA are more likely to exhibit aggressive clinical pathological 
features. NPAA greater than the median are associated with poor prognosis. The elevated NPAA have better correlation with 
tumor microvessel density (MVD) than platelet-derived VEGF. The areas under receiver operating curve (AUROC) of NPAA 
were higher than that of platelet derived VEGF in different groups. A multivariate analysis showed that NPAA are 
independent prognostic factors. These results indicated that NPAA may be a clinically useful indicator for diagnostic and 
prognostic evaluation in NSCLC patients. 
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Introduction 

Lung cancer is one of the most common malignancies 
worldwide, with a constantly increasing frequency, especially in 
China. It ranks as the first leading cause of cancer death among 
males in China [1,2]. Despite advances in chemotherapy, 
prognosis for lung cancer patients remains poor, with 5-year 
relative survival less than 14% among males and less than 18% 
among females in most countries [3] . Thus, the abihty to predict 
individual prognosis would be critical to guide surgical and 
chemotherapeutic treatment. Angiogenesis, or newblood vessel 
formation, an essential step in tumor growth and metastasis,is 
regulated by a balance between pro-angiogenic factors such as 
VEGF and bFGF, and anti-angiogenic factors such as endostatin 
and TSP-1. Platelets have long been known to be primary 
mediators of thrombosis and hemostasis. Recently, they have been 
shown to possess many angiogenesis promotors and angiogenesis 
inhibitorSjbeing one of the largest single sources of angiogenic 



factors in vivo [4] . VEGF expression has been found to be high in 
various malignant tumors, and serum VEGF levels correlate with 
disease stage and prognosis in breast cancer, colorectal cancer and 
prostate cancer [5,6]. It has been reported that high VEGF 
immunoreactivity in tumor tissues is associated with prognosis in 
NSCLC patients [7,8]. Thrombospondin-1 (TSP-1) was the first 
endogenous inhibitor of angiogenesis to be identified [9,10]. This 
450-kDa glycoprotein is produced and secreted by several types of 
tumor cells and cells residing in the tumor stroma. The expression 
of TSP-1 in human tumors is modulated by oncogenes and 
microenvironmental factors, and in several kinds of human tumors 
TSP-1 is present in both the stroma and tumor cells [11]. 
Moreover, elevated circulating levels of TSP-1 have been 
associated with disease progression and advanced clinical stages 
of the disease [12,13]. Although serum VEGF and TSP-1 are the 
most studied pro- and antiangiogenic factors, respectively, and 
highly elevated in angiogenesis-related diseases, studies regarding 
platelet-derived VEGF and TSP-1 are scarce in lung cancer 
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patients. Recent studies demonstrated that, in addition to release 
of pre-existing compounds, platelets can synthesize new ones upon 
stimulation due to a large amount of messenger RNA [14]. This 
fact indicates that platelets may play a previously unknown role in 
regulating vascular responses. Herein, we have investigated VEGF 
and TSP- 1 , but also net platelet angiogenic activity (NPAA) in the 
platelets of lung cancer patients as compared to healthy controls. 
To evaluate the NPAA, we tested the in vitro effect of platelet 
lysates from patients with lung cancer on the formation of human 
umbilical cord endothelial cells (HUVECs) capillary-like struc- 
tures. 

Materials and Methods 

Cell isolation and culture 

Human umbilical cord endothelial cells (HUVECs) were 
obtained from umbilical cords provided by the local Department 
of Obstetrics. Written informed consent was obtained from the 
donors, and the study was approved by Ethics Committee of 
Anhui Medical University. Isolation and culturing was performed 
as described previously [15]. Cells were grown in RPMI medium 
supplemented with FBS (10%), L-glutamine (2 mM), streptomycin 
(100 Hg/ml) and penicillin (100 U/ml) at 37°C in a humidified ,5% 
CO2 incubator. 

Capillary tube formation assay 

The tube formation assay was carried out according to the 
manufacturer's instructions (Chemicon International, Hampshire, 
UK) with slight modifications. Endothelial cells (1x10*) were 
seeded in growth factor-reduced matrigel coated plates (Becton 
Dickinson Biosciences, Bedford, MA, USA) and exposed to 
platelet lysates for 18 h. Tubule formation was examined under 
an inverted light microscope and the number of branch points in 
four non-overlapping fields was measured. Photographs of all wells 
were taken using an inverted hght microscope. Experiments were 
performed in triplicate, and the variation was less than 10%. To 
evaluate the test reproducibility, capillary tube formation (CTF) of 
HUVEC were repeated 3 times in the presence of 9 selected 
patient platelets (3 with stimulatory activity, 3 with stimulatory 
activity in the range of healthy donor platelets, and 3 with 
inhibitory activity). In all of the repeats, the selected platelets 
maintained their original activity. To inhibit the activity of selected 
platelets, they were preimcubated with 5|Xg/ml VEGF monoclonal 
antibody (Sigma) or 200 |Xg/ml TSP antibody (Sigma). 

Patients and specimens 

Sixty-eight patients with histologically or cytologically con- 
firmed NSCLC at our hospital between September 2006 and July 
2007 were included in the study. The 68 patients consisted of 46 
men and 22 women (age 61 ±12.8 years [mean±SD]). The 



control group consisted of 68 healthy donors enrolled from the 
Blood Transfusion Unit of the same hospital during the same 
period. Both healthy donors and patients did not have a previous 
history of malignant disease. Clinical-pathological characteristics 
of patients were reported. Histologic classification of the tumors 
was based on the World Health Organization criteria [16]. 
Histologically, 37 tumors were adenocarcinoma, 28 were squa- 
mous cell carcinoma, and three were large cell carcinoma. 
Metastasis to the lymph nodes was NO + Nl in 49 patients, N2+ 
N3 in 19. Postoperative disease stage was stage I + stage II in 38 
patients, stage III + stage IV in 30. Paraffin-embedded, formalin- 
fixed surgical specimens were collected for immunohistochemical 
staining for intratumoral microvessel endothelial cells. The 
histopathology present in the archived frozen tissues was 
confirmed by a pathologist to be similar to that in the paraffin- 
embedded tissues. The survival time of patients was calculated 
from the date of operation to the date of death. The follow-up 
period lasted up to 60 months. Peripheral blood samples from 
patients with NSCLC were drawn within 1 week before surgery or 
chemotherapy. All blood samples from patients and controls were 
taken early in the morning, after an overnight fast and a rest 
period of at least 30 min. The samples were processed according 
to standard methods. Written informed consent was obtained from 
all participants, and the study protocols have been approved by 
Ethics Committee of Anhui Medical University. 

Preparation of human platelets 

Standard "blue top" anticoagulation specimens were collected 
from each individual, and processed according to standard 
methods for platelet collection within 1-2 h of collection. Briefly, 
a blood sample (approximately 4 mL) was drawn by venipuncture 
into a vacuum tube containing 105 mM citrate (pH 5) anticoag- 
ulant at a ratio of 1:9 (vol/vol) buffer to blood. The tubes were 
gently mixed and kept on a slow rocker at ambient temperature 
(20 to 28°C) while awaiting processing. Platelet rich plasma is 
obtained from citrated plasma by centrifugation (1000 rpm, 10 
minutes) within 1 hour of collection, the volume recorded and a 
cell count performed. The platelet rich plasma is then centrifuged 
in the presence of PGI2 (75 nM) at 2000 rpm for 20 minutes to 
obtain a platelet pellet that is then washed twice in phosphate- 
buffered saline (PBS) and re-suspended gently in PBS to give a 
concentration of 2 x lO'' platelets/ml. one ml of this platelet 
suspension is mixed with 1 ml 0.1%Triton X-100 (Sigma) at 
37°C for 20 minutes. This effectively lyses all the platelets. This 
platelet lysate is then stored at — 80°C before analysis by ELISA. 

Measurements of VEGF and TSP-1 

All of the samples were tested in the same laboratory, within the 
same timeframe (2 weeks). The cancer and control group samples 
were randomized prior to testing to avoid testing bias. Platelet 



Table 1. Platelet Derived VEGF, TSP-1 Concentration and NPAA in Lung Cancer and Control Study Groups. 





Variable 


Lung cancer (n 


= 68) 


Healthy controls (n 


= 68) 


/'value 


Median 


Range 


Median 


Range 




NPAA (no. of branch points/1 0**) 


156.2 


66.4-250.2 


65.4 


43.4-123.7 


<0.001 


VEGF(pg/10'*) 


40.8 


15.85-85.9 


21.9 


9.1-62.7 


0.041 


TSP-1 (ng/lO"^) 


15.4 


2.8-58.3 


8.5 


2.1-21.7 


0.092 



Bold values indicate "significant difference {P<0.05)." 
P value by Unpaired t-test or Mann-Whitney test. 
doi:l 0.1 371/journal.pone.0096206.t001 
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Figure 1. Receiver-operating curve (ROC) analysis of platelet derived VEGF and NPAA in the detection of lung cancer. (A,B) ROC 
analysis of lung cancer patients and healthy controls, and healthy controls as a negative group and patients with lung cancer as a positive group. 
NPAA had the best predictive diagnostic accuracy (AUC = 0.893, P<0.0001). AUROC: area under receiver-operating curve. 
doi:1 0.1 371/journal.pone.0096206.g001 



concentrations were determined u.sing quantitative ELISA kits 
(Quantikine Immunoassays; R&D Systems, Wiesbaden, Ger- 
many). AH assays have intra-assay co-efficients of variation (CV) 
of <5% and inter-assay CV of <10%. The lower limits of 
detection for each individual assay are 10 pg (VEGF) and 5 ng 
(TSP-1). All tests were performed according to the manufacturer's 
instructions. AH experiments were done at least in duplicate on 
appropriately diluted samples. 

Microvessel Density (MVD) 

Microvessels were stained by using mouse polyclonal anti-CD34 
antibody (1:20 dilution) (Novocastra, Newcastle, UK) as the 
primary antibody, with binding visualized through the avidin- 
biotin-peroxidase-complex method. Any red-staining endothelial 
cell cluster that was clearly separated from adjacent microvessels, 
tumor cells, and other connective tissue elements was considered a 
single, countable microvessel. Vessel lumens were not necessary 
for a structure to be defined as a microvessel. We selected three 
vascular hotspots both intratumoraUy and peritumorally for 
counting CD34 microvessels. 



Statistical Analysis 

Statistical analyses were done with SPSS 1 1 .0 (SPSS, Inc, 
Chicago, IL) software. The data were tested for normality and 
were found to be non-normally distributed. VEGF, TSP-1 and 
NPAA distributions in cancer patients and healthy volunteers were 
compared using the Mann-Whitney U test. Correlations were 
evaluated with the Spearman rank-sum test. The sensitivity and 
specificity of NPAA were determined by receiver operating 
characteristic (ROC) curves, and the areas under the curve were 
calculated [17]. Survival curves were obtained by the Kaplan- 
Meier method and the Cox proportional hazards model was used 
to identily factors that were independently associated with survival. 
The results are presented as median values with interquartile 
ranges. Significance was presumed at p-values of less than 0.05. 

Results 

NPAA, platelet-derived VEGF and TSP-1 levels in lung 
cancer patients and healthy controls 

NPAA, platelet-derived VEGF and TSP-1 levels were detect- 
able in all healthy controls. Their median values of NPAA, 




Disease free survival (months) O^^^^' ^^^i^^' ("^""t*^^) 



Figure 2. Kaplan-Meier curves of survival differences among NSCLC patients. Disease-free survival (A) and Overall survival (B) for low NPAA 
and high NPAA patients. P values were determined by the log-rank test. 
doi:1 0.1 371/journal.pone.0096206.g002 
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Table 3. Cox Regression Analysis for Overall Survival in 68 Patients with Lung Cancer. 



Variable 


Univariate 




Multivariate 






P 


HR (95% CI) 


P 


HR (95% CI) 


Age 


0.143 


0.96 (0.93-1.02) 


- 


- 


Histological differentiation 


0.186 


1.30 (0.88-1.93) 


0.208 


1.59 (0.77-3.33) 


T factor (Tl vs T2,3,4) 


0.413 


1.33 (0.67-2.64) 


0.640 


0.81 (0.33-1.97) 


Regional lymph node {N0,1 vs N2,3) 


0.019 


1.99 (1.10-3.58) 


0.025 


1.95 (1.08-3.52) 


Pathologic stage (1, II vs III, IV) 


0.021 


2.13 (1.12-4.04) 


0.024 


1.73 (1.07-2.80) 


VEGF (sMedian vs>Median) 


0.037 


1.75 (1.02-2.98) 


0.053 


1.95 (0.99-5.00) 


TSP-l(<Median vs>Median) 


0.088 


1.52 (0.91-3.14) 


0.289 


0.99 (0.63-2.09) 


NPAA (sMedian vs>Median) 


0.012 


3.30 (1.30-8.40) 


0.018 


3.04 (1.08-8.55) 



Bold values indicate "significant difference (P<0.05)." 
HR, hazard ratio; CI, confidence interval. 
doi:1 0.1 371 /journal.pone.0096206.t003 



platelet-derived VEGF and TSP-1 levels were 65.4 no. of branch 
points/lO^ 21.9pg/10'^ and 8.5 ng/10^ respectively. Median 
value of NPAA and VEGF in lung cancer patients were 156.2 no. 
of branch points/ 10*^ (range, 66.4-250.2) and 40.8 pg/lO*^ (range, 
15.85—85.9), and significantly higher than that healthy controls 
(P<0.001 and P = 0.041, respectively; Table 1). There was no 
significant diflFerence in the platelet-derived TSP-1 levels between 
lung cancer patients and healthy controls (P = 0.092; Table 1). 

Relationship between NPAA, platelet-derived VEGF or 
TSP-1 levels and clinical pathological profiles 

To evaluate the association of NPAA, platelet-derived VEGF or 
TSP- 1 with tumor biology, comparisons of the clinical patholog- 
ical features with NPAA, platelet-derived VEGF or TSP-1 were 
made. As expected, patients with high NPAA were more likely to 
exhibit aggressive clinical pathological features: high NPAA was 
significantly correlated with poor tumor differentiation (P = 0.004), 
pathologic stage (P<0.001), pathologic T-factor (P<0.001) and 
pathologic N-factor (P<0.001), whereas high platelet-derived 
VEGF was significantly correlated with poor tumor differentiation 
(P<0.001) and pathologic stage (P<0.001) (Table 2). The levels of 
platelet-derived TSP were higher in patients in pathologic stage 
III+IV and pathologic T-factor T2-4 than in patients in pathologic 
stage I+II (P = 0.002) and pathologic T-factor Tl (P = 0.008), 



respectively (Table 2). In this study, we found that the median 
values of NPAA and VEGF in lung cancer patients are 
significantly higher than that in healthy controls. In contrast, 
TSP- 1 was not elevated in the cancer patients compared with the 
control samples. Patients with high NPAA were more likely to 
exhibit aggressive clinical pathological features. 

Receiver-operating curve (ROC) analysis of VEGF and 
NPAA in the detection of lung cancer 

Figure 1 showed that area under receiver-operating curve 
(AUROC) of NPAA for differentiating lung cancer from health 
controls was 0.892 (95% CI, 0.874-0.961), which was higher than 
0.823 (95% CI, 0.786-0.941) of VEGF. (P<0.0001). 

Correlations between NPAA, platelet-derived VEGF or 
T5P-1 levels and patient overall survival or disease-free 
survival 

Univariate Cox regression analysis showed regional lymph 
node, pathologic stage, NPAA, and platelet-derived VEGF levels 
to be significant factors affecting overall survival (Table 3). Log- 
rank analysis showed that elevated NPAA greater than the median 
were associated with poor disease free survival and poor overall 
survival (P = 0.012, P = 0.002; Figure. 2), while platelet-derived 



Table 4. Cox Regression Analysis for Disease-free Survival in 68 Patients with Lung Cancer. 



Variable Univariate Multivariate 





P 


HR (95% CI) 


P 


HR (95% CI) 


Age 


0.132 


0.68 (0.43-1.12) 






Histological differentiation 


0.228 


1.57 (0.78-2.42) 


0.353 


1.21 (0.97-2.26) 


T factor (Tl vs T2,3,4) 


0.566 


1.83 (0.85-2.81) 


0.611 


0.91 (0.43-1.77) 


Regional lymph node (N0,1 vs N2,3) 


0.030 


1.69 (1.04-2.73) 


0.024 


1.74 (1.08-2.82) 


Pathologic stage (1, II vs III, IV) 


0.019 


1.99 (1.12-3.59) 


0.025 


1.93 (1.08-3.30) 


VEGF (sMedian vs>Median) 


0.052 


1 .66 (0.94-2.53) 


0.073 


2.04 (0.86-4.73) 


TSP-1(<Median vs>Median) 


0.112 


1.62 (0.91-3.76) 


0.322 


1.29 (0.93-3.27) 


NPAA (<Median vs>Median) 


0.013 


3.52 (1.40-7.61) 


0.008 


2.85 (1.27-7.49) 



Bold values indicate "significant difference (P<0.05)." 
HR, hazard ratio; CI, confidence interval, 
doirl 0.1 371/journal.pone.0096206.t004 
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Figure 3. Correlation between tumor MVD and NPAA or platelet-derived VEGF levels. (A) Good correlation between MVD and NPAA In 68 
NSCLC patients (r = 0.78; P<0.001). (B) The significant correlation between tumor MVD and platelet-derived VEGF levels (r = 0.521; P<0.01). (C) MVD in 
NSCLC tissue and (D) normal tissue were determined by CD34 immunohistochemical staining. Arrow, positive stain of MVD. 
doi:1 0.1 371 /journal.pone.0096206.g003 



VEGF and TSP-1 did not display this association. In the case of 
multivariate analysis for histological differentiation, T factor, 
regional lymph node, pathologic stage, NPAA, platelet-derived 
VEGF and TSP- 1 , only regional lymph node, pathologic stage and 
NPAA were still related to overall survival in some degree 
(Table 3). In contrast, regional lymph node, pathologic stage, 
NPAA were significant factors affecting disease-free survival 
(Table 4). 

Relationship between NPAA or Platelet-derived VEGF and 
Tumor MVD in patients 

There was a significant correlation between NPAA or platelet- 
derived VEGF and tumor MVD in the cancer patients (r = 0.78, 
P<0.001, r = 0.521; P>0.01; Figure. 3A, B). NPAA have better 
correlation with tumor MVD than platelet-derived VEGF. These 
results suggest that NPAA or platelet-derived VEGF may promote 
tumor angiogenesis. MVD in NSCLC tissue and normal tissue 
were determined by CD34 immunohistochemical staining 
(Figure. 3C, D). 

Stimulation of capillary tube formation (CTF) by platelet 
derived cytokines 

To evaluate the net platelet angiogenic activity (NPAA), we 
tested the in vitro effect of platelet lysates from patients with lung 
cancer and healthy controls on the CTF of HUVECs. The NPAA 



was significandy higher in the patients than healthy controls (P< 
0.001;Table 1, Figure. 4A, B). 

The Role of VEGF or TSP-1 in Platelet Lysates from the 
Patients with NSCLC in NPAA 

The preincubation of high- VEGF platelet lysates with antibod- 
ies against VEGF resulted in a marked decrease (>48%) in the 
CTF of HUVEC, whereas only a slight inhibition (<16%) or no 
inhibition of the CTF of HUVEC was observed when stimulatory 
platelet lysates with low VEGF levels were preincubated with anti- 
VEGF antibodies. The preincubation of these inhibitory platelet 
lysates from cancer patients revealed elevated levels of TSP- 1 in 
both cases with antibodies against TSP-1 (200 |J,g/ml) resulted in 
an increase in the CTF of HUVEC as compared with these 
inhibitory platelet lysates preincubated with IgG control (5|Xg/ ml) 
(P<0.05, n = 3) (Figure 4. C,D,E). These findings indicate that 
intraplatelet TSP-1 contributes to the overall anti-angiogenic effect 
triggered by platelet lysates. 

Discussion 

Tumor angiogenesis studies have also shown that circulating 
platelets are abundant sources of pro-angiogenic molecules for the 
tumor vasculature, and that tumor cells induce platelet activation 
and aggregation by the release of platelet-activating factors, 
resulting in the release of a-granules and their content, which in 
turn directly affects tumor growth and metastasis [18-21]. 
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Figure 4. Effect of platelet-released cytokines on angiogenic activity of HUVEC. Representative photographs of the tube formation assay 
after 18 h of co-incubatlon with platelet-released cytokines are shown in panels A (the patients platelet-released cytokines added) and B (healthy 
controls platelet-released cytokines added). Preincubation of platelet lysates with IgG control (C) and antiTSP-1 antibody (D). The statistical analysis 
(E). Bars are means±SD from 4 experiments. * P<0.05 control versus treatment. 
doi:1 0.1 371 /journal.pone.0096206.g004 



Elevated platelet counts have been associated with poor prognosis 
in lung cancer and in gastric cancer, suggesting that a 
procoagulant state and platelet activation may contribute to early 
cancer development [22,23]. It has been reported that VEGF in 
platelet are elevated and are independent predictors of colorectal 
carcinoma [24] . Because angiogenesis is regulated by the balance 
between inhibitors and activators, one aim of our study was to 
evaluate the TSP-1 (inhibitor)/VEGF (activator) balance in 
platelets. However, it should be recalled that tumoral angiogenesis 
is regulated not only by VEGF and TSP-1 levels, but also by a 
number of identified and unidentified activators and inhibitors 
that may influence the net angiogenic balance [25], so another aim 
of our study was to evaluate NPAA. 

In this study, we investigated the level of platelet VEGF and 
NPAA in platelet lysates of 68 patients with NSCLC. We found 
that the median values of NPAA and VEGF in lung cancer 
patients are significantly higher than that in healthy controls. Our 
study further showed that patients with high NPAA are more likely 
to exhibit aggressive clinical pathological features and that NPAA 
greater than the median are associated with poor prognosis. The 
elevated NPAA have better correlation with tumor MVD than 
platelet-derived VEGF. While elevated platelet counts have been 
observed in some cancers, we did not observe any significant 
differences in platelet counts between healthy controls and patients 
in our population (data not shown). 

We measured TSP-1 levels of platelet lysates in NSCLC and 
found a non-significant elevation in TSP-1 levels. However, the 



levels of platelet-derived TSP-1 were higher in patients in 
pathologic stage III-HlV and pathologic T-factor T2-4 than in 
patients in pathologic stage I-Hll and pathologic T-factor Tl. 
There are two possible explanations for this finding. First, 
aggressive tumors may generate more TSP-1 than non-aggressive 
tumors. Secondly, TSP-1 levels may be directly correlated with 
gross volume of disease, and the patients in this study with 
aggressive tumors generally had a higher tumor burden. We 
evaluated the platelet lysates from cancer patients and healthy 
donors for their ability to increase or decrease CTF of HUVEC as 
a simple and reproducible in vitro approach, gaining information 
about the NPAA. Indeed, not all platelet samples with high levels 
of VEGF induced CTF, probably because of the presence of 
antiangiogenic molecules. Conversely, not all of the stimulatory 
platelets showed high levels of VEGF, indicating that factors other 
than VEGF are involved. Whereas tests to identify positive and 
negative regulators of angiogemesis are cumbersome, our in vitro 
assay to measure the NPAA of cancer patient on HUVEC CTF 
provides a simple avenue to functional information on the net 
balance between angiogenic and anti-angiogenic factors. Such 
information may be of value in the prognosis of cancer and in 
monitoring the tumor response to cancer therapy. 

In order to further evaluate the clinical value of NPAA, we 
determined and compared the diagnostic usefulness of NPAA and 
platelet derived VEGF in cancer and healthy control groups. 
NPAA levels distinguished lung cancer patients from normal 
individuals very reliably. NPAA was a significantly better predictor 
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for lung cancer than platelet derived VEGF in this studied 
population. Survival analysis of the lung cancer patients was 
evaluated in this study based on the levels of NPAA. In our study, 
survival rate of pati(^nts with high NPAA was significantly lower 
than the patients with low NPAA. Of note, preoperative levels of 
platelet derived VEGF in these patients did not conx-late with a 
poor outcome (data not shown).To our knowledge, this is the first 
report concerning NPAA in NSCLC. 

There are multiple mechanisms by which the various angio- 
genesis regulatory proteins could become increased in the platelets 
of cancer patients. First, platelets could directly acquire a factor 
from the tumor via endocytosis. Second, the tumor could stimulate 
the megakaryocyte to upregulate the synthesis of an angiogenesis 
regulatory protein. Third, because platelets contain mRNAs and 
translational machinery, platelets cotUd also be stimtUated to 
synthesize an angiogenesis regulatory protein [24]. 
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